Genetic and phenotypic (co)variances for mature equivalent yield of 4% FCM and calving interval were simultaneously estimated by REML for grade Holstein cows in first and second parity. Data were 305d mature equivalent lactation records and calving dates for 299,441 daughters of 2489 AI sires first calving from 1970 to 1985 in California, New York, or Texas. Data were divided into three time periods, and herds were partitioned into three within-herd-year phenotypic SD classifications for milk yield.
INTRODUCTION
Most studies of the association between milk yield and reproductive measures in dairy cattle showed an unfavorable relationship between them (2, 8, 12,23,27), although others showed either no association (24) or a favorable one (16). High milk yield per lactation has been associated with longer postpartum intervals to first service (2, 15). longer service period (2, 12), more open days (2, 12, 23,27), and longer calving intervals (8) . From designed selection experiments differences were not detected in fertility measures (e.g., service interval to conception or conception rate) between daughters of sires selected for milk and daughters of sires with average transmitting ability (24). D i f f e rences in health costs associated with treatment of reproductive disorders did not differ between high and low genetic lines for milk (24, 25).
Dachir et al. (7) did not detect a relationship between measures of ovarian activity and actual yield or transmitting ability for FCM in Holsteins. However, with more information from the same experiment, Gonzalez (11) obtained (PcO5) unfavorable regression coefficients for postpartum intervals to first and second ovulation on 60-d and 90d FCM yields of Holsteins, but not for third ovulation, which occurred on average 67 d postpartum. Postpartum interval to first estrus increased with 305d yield for Holsteins and Jerseys (11). Although cows commence ovarian activity early in the postpartum period, the probability of identifying cows in estrus is less for high yielding than for low yielding individuals. Butler and Smith (6) re-
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ported that postpartum interval to first ovulation was influenced by negative energy balance in early lactation. Normal ovarian activity is initiated as cows move from greatest negative energy balance toward positive balance (7). Butler Therefore, the objectives of this study were 1) to estimate the genetic and environmental (co)variances of milk yield and calving interval for nonregistered (grade) Holstein dairy cows in production environments classified by within-herd variation in yield, and 2) to determine change of these parameters with time.
dajr cows (2). is the vector of CI2. The Xi and Z, are incidence matrices relating yi to pi and ui, respectively.
MATERIAL AND METHODS

Data
is a vector of contemporary group effects for trait i, ui is a vector of sire transmitting abiities for trait i, and ei is a vector of residuals for trait i. Contemporary groups were defined as cows calving in the same herd, year, and season. Seasons were January through April, May through August, and September through December. All u and e are considered multivariate and nonnally distributed with E(u) = 0, E(e) = 0, var(u) = G, var(e) = R, and cov(u,e') = 0. Then E@) = Xp and var(y) = ZGZ' +R. For A sequential data pattern (10) was required so that a transformation could be applied to make uncorrelated the residual effects on each animal [i.e., transform Ro, the residual (co)variance matrix, to an identity matrix]. Residuals on each cow were made uncorrelated using elements from the inverse of the CholesQ decomposition of matrix Ro, where Ro = L&, and Lg'%Lk' = I.
Genetic (c0)variance components were estimated by REML methods using an expectationmaximization algorithm described for the spec- Sire variances tended to be greater for CI2 than for CIl, although differences were small. Residual variances for calving intervals did not show a trend with time, although residual variation increased with SD of milk yield in both parities within each time period. When weighted by number of sires, estimates of resid- larger than CIl for eight of the nine subsets, which agreed with other reports of greater heritability of days open in later parities than for first parity (1, 2, 27).
RESULTS AND DISCUSSION
Correlations Between Mllk
Yleld and Calvlng Interval
Genetic correlations between FCM yield and Genetic correlations between CI1 and FCM2 also were positive and increased with hcreasing SD in the first two periods (see Figure 2) tween calving interval and milk yield be the same for both models. Genetic correlations between FCM2 and CI2 were near zero for the low herd SD classification, except in the last time period, and increased to .65 for the high SD class. For the low SD class, FCM2 and CI2 were correlated genetically less than FCMl and CI1. However, correlations were slightly larger between FCM2 and CI2 in the medium and high SD herd classes than between FCM1 and CI1. Positive (unfavorable) genetic correlations in first and second parities signify pleiotropic effects by the genes controlling physiological pathways of milk secretion on the mechanisms of fertility and reproduction, although the specific rnechanisms are unknown (16). Berger et aL (2) reported a smaller correlation between days open and 305d milk yields in second and later parities than in first lactation.
Genetic correlations between CI1 and CI2 ranged from .33 to 5 0 in the low herd SD class, from .45 to .53 in the medium herd SD class, and from .58 to .63 for the high herd SD class ( Tables 5, 6 , and 7). Genetic correlations are similar to those reported by Strandberg and Danell (27). Reproductive performance in CI2 appears to be influenced by many of the same pleiotropic pathways that affect CI1. Sire compunents of variance were similar for CIl and
CI2.
phenotypic correlations between FCM yields and calving intervals also are in Tables 5, 6 
CONCLUSIONS
The genetic variance of calving interval was small and was greatest in herds with most variability for milk yield, except in the period 1982 to 1985. This result agreed with most studies of reproductive traits. Low heritability and genetic variances of calving interval in this study support the idea that genetic selection to reduce calving interval is probably unwarranted. As reported by Blake (3), increased economic returns from direct responses in milk yield dominate the relatively small cost of correlated increases in calving interval.
Fat-corrected milk yield and calving interval were unfavorably related and more so in herds with greatest variability in yield. Genetic correlations were greater than phenotypic correlations in all herd SD classes. Trends associated with time were not detected for genetic and residual variances or heritability of calving interval, although genetic correlations with FCM yield were smaller from 1977 to 1985 compared with 1970 to 1975.
The expected correlated increase in calving interval was about 1 a 1 0 0 kg genetic increase in FCM, which is similar to previous estimates of correlated change in days open (12, 23) .
Because yield of milk and its components are the most economically important traits in a selection program, coupled with low heritability and small genetic variance of calving interval, there is no immediate incentive to genetically manage calving interval because selection intensity for milk yield would be reduced.
